Objective: To systematically examine the association between annual hospital and surgeon case volume and patient outcomes in bariatric surgery. Background: Bariatric surgery remains a technically demanding field with significant risk for morbidity and mortality. To mitigate this risk, minimum annual hospital and surgeon case volume requirements are being set and certain hospitals are being designated as "Bariatric Surgery Centers of Excellence." The effects of these interventions on patient outcomes remain unclear. Methods: A comprehensive systematic review on volume-outcome association in bariatric surgery was conducted by searching MEDLINE, Cochrane Database of Systematic Reviews, and Evidence Based Medicine Reviews databases. Abstracts of identified articles were reviewed and pertinent fulltext versions were retrieved. Manual search of bibliographies was performed and relevant studies were retrieved. Methodological quality assessment and data extraction were completed in a systematic fashion. Pooling of results was not feasible due to the heterogeneity of the studies. A qualitative summary of results is presented. Results: From a total of 2928 unique citations, 24 studies involving a total of 458,032 patients were selected for review. Two studies were prospective cohorts (level of evidence [LOE] 1), 3 were retrospective cohorts (LOE 3), 2 were retrospective case controls (LOE 3), and 17 were retrospective case series (LOE 4). The overall methodological quality of the reviewed studies was fair. A positive association between annual surgeon volume and patient outcomes was reported in 11 of 13 studies. A positive association between annual hospital volume and patient outcomes was reported in 14 of 17 studies. Conclusions: There is strong evidence of improved patient outcomes in the hands of high-volume surgeons and high-volume centers. This study supports the concept of "Bariatric Surgery Center of Excellence" accreditation; however, future research into the quality of care characteristics of successful bariatric programs is recommended. Understanding the characteristics of high-volume surgeons, which lead to improved patient outcomes, also requires further investigation. (Ann Surg 2012;256:60-71) 
O besity continues to be a public health problem in the United States and in other developed countries. Medical weight loss is the initial approach to the treatment of obesity; however, it results in only a 5% to 10% excess body weight loss (EBWL) and less than 5% long-term success rate, which is defined by Sjostrom et al as more than 10% EBWL at 10 years. 1, 2 Bariatric surgery leads to a significant weight loss of 50% to 70% EBWL with a 70% long-term success rate, 1 ical comorbidities. 3 Consequently, the volume of bariatric surgery in the United States has had a significant increase over the past decade to an average annual volume of approximately 113,000 cases for years 2003 to 2007. 4 With the introduction of the laparoscopic approach to bariatric surgery in 1994, 5 the technical complexity of these procedures has increased. Several authors have looked at identifying modifiable and nonmodifiable prognostic factors predictive of morbidity and mortality for a bariatric surgery patient. [6] [7] [8] [9] Older age, male sex, increasing body mass index (BMI) and medical comorbidities (hypertension, obstructive sleep apnea, hyperlipidemia, diabetes, and prior history of venous thromboembolism) have all been identified as nonmodifiable negative prognostic factors. 4, 10 Modeling on the evidence from other high-risk operations such as pancreaticoduodenectomy, 11 abdominal aortic aneurism repair 12 and Heller myotomy for achalasia, 13 hospital and surgeon volumes were proposed as modifiable risk factors for bariatric surgery.
In an effort to improve the outcomes of bariatric surgery patients, American College of Surgeons and American Society for Metabolic and Bariatric Surgery developed and implemented the Bariatric Surgery Center of Excellence (BSCOE) hospital accreditation criteria. 14 These criteria set minimum standards for hospital and surgeon volumes for centers wishing to obtain the BSCOE accreditation. For level 1 accreditation, hospitals must demonstrate a high-volume practice of at least 125 weight loss operations annually, with at least 2 experienced and credentialed bariatric surgeons, 15 each having performed a minimum of 100 weight loss operations in the previous 24 months. For level 2 accreditation, hospitals must perform 25 or more bariatric cases per year, with one or more credentialed and experienced bariatric surgeon having performed a minimum of 50 weight loss operations in the previous 24 months. BSCOE accreditation criteria also mandate designated bariatric equipment and hospital wards, nursing CME, a registry to monitor patient outcomes, and the immediate availability of critical care and other specialists. The purpose of this review was to evaluate the evidence for the volume-outcome association in bariatric surgery in a systematic and comprehensive fashion. roux-en-y gastric bypass," "obesity," "gastroenterstomy," "treatment outcome," "outcome assessment," "outcome and process assessment," "survival analysis," "recovery of function," "postoperative complications," "mortality," "morbidity," "quality of life," "health status indicators," "patient readmission," "weight loss," "epidemiology," "risk," "statistics," and "data collection." Search limits were not applied to ensure capture of all potentially relevant articles. Titles and abstracts of the retrieved citations were reviewed and full-text versions of all potentially relevant publications were retrieved and formally evaluated for inclusion. Reference lists of all relevant publications were hand searched for additional studies missed by the search strategy, and this method of cross-referencing was continued until no further relevant publications were identified.
Study Inclusion Criteria and Data Extraction
To be included in the systematic review, studies had to report on the effects of annual hospital volumes and/or annual surgeon volumes on patient outcomes (mortality, morbidity, complications, rates of readmission, and lengths of stay). Only original articles were included in this review. Review articles and opinion pieces were excluded. One author (B.Z.) independently extracted the following data from all eligible studies: first author, year of publication, study design, time period of study, study population and setting, hospital volume, surgeon volume, risk factors for adjustment, and patient outcomes. The Figure 1 depicts the screening and selection process for studies included in this review.
Assessment of Methodological Quality
Having met the inclusion criteria, studies were subjected to an assessment of methodological quality. Cohort and case control studies were assessed with the "Newcastle-Ottawa Quality Assessment Scale" 16 -a scale recommended by the Cochrane Nonrandomized Studies Methods Working Group. Case series were assessed using a 3-factor scale adopted from Morley. 17 The overall level of evidence for each study was graded using a scale adopted from Morley. 17 
RESULTS

Description of Included Studies
Literature search identified a total of 2928 unique citations of which 51 met the inclusion criteria. Bibliographic review yielded another 5 unique citations. A total of 56 articles underwent a full text review. Of these, 4 were excluded for being reviews, 5 for being a commentary, and 23 for providing no detailed information on the volume-outcome association for bariatric surgery. A total of 24 studies involving 458,032 patients were included in this review.
Two studies used a prospective cohort design, 3 studies used a retrospective cohort, and 2 studies were in the form of a retrospective case-control study ( Table 1) . A total of 17 studies used a retrospective case series design ( Table 2) . Two studies 6, 18 were classified as level of evidence [LOE] 1, with the remainder of the studies classified as LOE 3 and 4.
Assessment of Methodological Quality
The methodological quality of each study is summarized in Tables 1 and 2 . Overall, the quality of cohort and case control studies was rated as Selection ( * * * ), Comparability ( * ), and Outcome/Exposure ( * * ) from a maximum of Selection ( * * * * ), Comparability ( * * ), and Outcome/Exposure ( * * * ). The overall quality of retrospective case series was fair.
Surgeon Volumes and Patient Outcomes
A total of 13 studies involving 158,297 patients examined the association between annual surgeon case volume and patient outcomes for bariatric surgery. Five studies were of prospective or retrospective cohort design, and 8 were in the form of retrospective case series. All cohort studies demonstrated evidence of improved patient outcomes with increasing surgeon volumes. 6, [18] [19] [20] [21] Four of the 5 cohort studies used multivariate logistic regression and one study used a multivariate linear regression adjusted for age, sex, BMI, comorbidities, and other predictor variables for statistical analysis ( Table 3) . Each of the studies used different cut points for surgeon volume groups. Campos et al 6 in a study involving 404 patients reported an odds ratio of 2.5 (1.4-4.2) for prediction of complications at 90 days for the initial 50 cases versus next 50 cases in a surgeon's experience. Flum et al 20 in a study of 16,155 patients reported an adjusted odds ratio of death at 30 days of 0.8 (0.8-0.9) for each quartile increase in annual surgeon volume. In another study of 66,109 patients, Flum and Dellinger 19 reported an adjusted odds ratio of death of 4.7 (1.2-18.2) for surgeons who have performed less than 20 cases versus greater than 20 cases as part of their bariatric operative experience. In a study involving 2167 patients, Kelles et al 21 found 15.7 times greater risk of death at 30 days in patients older than 50 years, with BMI greater than 50 kg/m 2 , who are operated on by a surgeon that performs less than 20 bariatric cases per year.
A linear relationship between annual surgeon volume and composite event rate-defined as death, venous thromboembolism, pulmonary embolism, reoperation, nondischarge at 30 days, and repeat hospitalization within 30 days after discharge-was reported in a study of 3140 patients by Smith et al. 18 For every 10 cases per year increase in surgeon volume, the adjusted risk ratio for a composite event decreased by 10% (relative risk 0.90 [0.82-0.98]).
The evidence from retrospective case series was mixed. Two studies of good 22, 23 and 4 studies of fair [24] [25] [26] [27] quality reported an association between annual surgeon volume and patient outcomes. One study of fair 28 and 1 study of poor 29 quality reported no volumeoutcome association ( 20 Retrospective cohort * * * * * * + Kelles et al 21 Retrospective cohort * * * * * * * + Smith et al 18 Prospective cohort * * * * * * + Flum and Dellinger 19 Retrospective cohort * * * * * * * + Alami et al 30 Retrospective case control * * * * * * − Livingston 31 Retrospective case control * * * * * * * − †Based on Newcastle-Ottawa Quality Assessment Scale for a Cohort Study. Best methodological quality defined as Selection ( * * * * ), Compatibility ( * * ), Outcome/Exposure ( * * * ).
‡ (+) Presence or (−) absence of association. than 10 cases per year versus greater than 100 cases per year in a medium-volume hospital. Adjusted odds of readmission within 30 days of discharge in New York State for surgeons with annual volume of less than 25 cases were 16 times higher than for surgeons with more than 150 cases per year (OR 15.66; CI 11.90-20.59). 23 Studies demonstrating no association between surgeon volume and patient outcomes looked at adjusted odds of major morbidity for 452 patients in a tertiary academic center 28 
Hospital Volumes and Patient Outcomes
A total of 17 studies involving 369,310 patients-2 retrospective case control (LOE 3) and 15 retrospective case series (LOE 4)-examined the association between hospital volume and patient outcomes. Two case control studies showed no volume-outcome association (Table 1) , whereas 14 of 15 retrospective case series demonstrated a volume-outcome association ( Table 2) .
In a retrospective case-control study, Alami et al 30 looked at the patient outcomes for gastric bypass operations performed by a single surgeon operating on 140 patients in 2 hospitals-a highvolume university hospital with more than 300 cases per year and a low-volume community hospital with less than 30 cases per year. Despite an older patient population with greater number of medical comorbidities (Diabetes Mellitus, Hypertension, and Obstructive Sleep Apnea) at the low-volume institution, no significant differences in the 30-day mortality, major morbidity, conversion to an open procedure and reoperation rates were reported. In another retrospective case-control study involving 24,783 patients, Livingston 31 used a National Inpatient Survey database in the United States to examine the effect of BSCOE hospital status on patient mortality, morbidity, and duration of hospital stay. BSCOE hospitals performed an average of 226 bariatric procedures per year, whereas non-BSCOE hospitals performed an average of 79 cases per year. There were no significant differences reported between BSCOE and non-BSCOE hospitals for patient mortality (0.17% vs 0.09%; P = 0.13), morbidity (6.3% vs 6.4%; P = 0.93), and duration of hospital stay (2.6 days vs 2.6 days; P = 0.83). Other studies of BSCOE hospital outcomes reported mor- 37 Fair + Nguyen et al 38 Fair + Murr et al 26 Fair + + Hollenbeak et al 25 Fair + + Encinosa et al 36 Good + Carbonell et al 35 Fair − Dimick et al 48 Fair + Weller et al 23 Good + + Kohn et al 39 Poor + Birkmeyer et al 24 Fair + + Livingston et al 46 Fair + Morino et al 56 Fair + O'Rourke et al 28 Fair − Parker et al 57 Fair + Voitk et al 29 Poor − Weller and Hannan 27 Fair + + * Quality: Good, Fair, or Poor. †(+) Presence or (−) absence of association. bidity of 11%, 32 in-patient mortality of 0.09% to 0.13%, 32, 33 90 day mortality of 0.07%, and overall mortality of 0.36%. 34 Carbonell et al 35 reported on a retrospective case series of 5876 bariatric patients using a nationwide database in the United States. Inhospital mortality and morbidity after open and laparoscopic gastric bypass were compared between hospitals with very low volume (<50 cases per year), low volume (50-99 cases per year), medium volume (100-199 cases per year), and high volume (>200 cases per year). Annual hospital case volume had no effect on patient mortality and morbidity when adjusted for age, sex, and comorbidity index.
All of the studies that report an association between annual hospital volume and patient outcomes used a retrospective case series design (LOE 4, Table 2 ). Three studies were of good methodological quality, 10 were fair, and 1 was poor ( Table 2 ). Good quality studies were by Courcoulas et al, 22 Encinosa et al, 36 and Weller et al, 23 which involved 4674, 3841, and 7868 patients, respectively. Courcoulas et al 22 reported a significantly different adjusted 38 demonstrated that low-volume hospitals (<50 cases/year) had higher in-hospital mortality rates, morbidity rates, 30-day readmission rates, longer durations of hospital stay, increased costs, and increased overall and specific mortality for patients older than 55 years when compared to high-volume hospitals (>100 cases/year).
One of the largest patient-outcome studies (102,062 nationwide cases in United States) on the rates of morbidity and mortality as a function of hospital volume was reported by Kohn et al. 39 With every additional bariatric case, the rates of death, abdominal drainage, acute pulmonary embolism, cardiac complication, postoperative shock, splenectomy, acute renal failure, bacterial pneumonia, and respiratory failure were shown to decrease. Hollenbeak et al 25 work strongly supported the "center of excellence" model after identifying a 27% and 21% respective decrease in in-hospital and 30-day mortality for procedures performed in high-volume centers (>100 cases/year).
DISCUSSION
Using a comprehensive search strategy, this review identified all the available evidence on the association of surgeon and hospital volume and patient outcomes in bariatric surgery. Presently, this is the largest review of volume-outcome association with almost 500,000 patients. The findings presented here are of high importance to stakeholders, decision, and policy makers involved in credentialing of bariatric centers and surgeons.
The level of evidence for the reviewed studies was grade 1 for 2 prospective cohort studies and grade 3 and 4 for all other studies. The methodological quality for most studies was fair. A metaanalysis was not feasible due to the heterogeneity in study designs and methodologies (variable statistical analysis, duration of follow-up, and risk adjustment criteria). Pooling the results of individual studies would have resulted in faulty and nongeneralizable conclusions.
The evidence for annual surgeon volume strongly points toward an association with improved patient outcomes. This finding agrees with the hypothesis that annual surgeon volume is a stronger determinant of patient outcome than annual hospital volume. Weller and Hannan 23 looked at the postoperative complication rate for highand low-volume surgeons in high-and low-volume hospitals. They found no notable differences between complication rates for highvolume surgeons (>100 cases per year) operating in low-volume (<150 cases per year) and high-volume hospitals (>150 cases per year). The findings of this review are also in agreement with the recommendation by some authors 20, 40 for patients aged 55 to 65 years to be referred to high-volume surgeons. The data in this review is too heterogeneous (different study methodologies, variable duration of follow-up, and variable risk adjustment strategies) to make specific recommendations for a minimum annual case volume requirements for practicing bariatric surgeons. Each of the studies, which demonstrated an improvement in patient outcomes with increasing annual surgeon volumes, used different volume cutoffs. Some looked at 20 cases per year, 19, 21 some at 50 cases per year, 6 and others used volume as a continuous variable. 18 The results of this review are in agreement with the best evidence guidelines on weight loss surgery published in 2009, which state that "an annual surgeon volume of 25 cases may be sufficient if outcomes are acceptable," 41 and with the current ACS and ASBMS accreditation guidelines for minimum surgeon volumes for BSCOE status. 14 The evidence for the association between annual hospital volume and patient outcomes is also in favor of improved outcomes in higher volume hospitals, albeit less strong than the surgeon volumeoutcome relationship. Two retrospective case-control studies 30,31 and 1 retrospective case series, 35 involving a total of 24,923 and 5876 patients, respectively, failed to show a volume-outcome association. Several reasons are possible for the discrepancy in the reported results. Statistical analysis and risk adjustments in some studies are faulty or lacking. The concept of faulty statistical analysis has been discussed extensively by Livingston in several studies and commentaries. [42] [43] [44] [45] [46] In a study of in-hospital mortality of 51,842 bariatric surgery patients from 2001 to 2003 in the United States, Livingston et al 46 criticized the statistical methods of studies addressing the volume-outcome association and commented on the implications of these statistics for bariatric surgery. They used Monte-Carlo simulation to demonstrate the effects of random sampling on mortality with decreasing hospital volumes. The results of the simulation showed that the uncertainty in regard to the true in-hospital mortality rate increased as the hospital case volume decreased. More importantly, the observed in-hospital mortality distribution between high-and low-volume centers was similar to the expected distribution attributable to random sampling alone. The volume-outcome effect was indeed very small-adjusted odds ratio 1.002 (1.001-1.004)-and disappeared when high-quality disease-specific risk adjustment was performed.
Most of the studies in this review used Charlson comorbidity score for risk adjustment. This score, however, has been shown to have a correlative index of only 0.52 when applied to mortality post bariatric surgery. 47 An alternative risk adjustment scale has been proposed on the basis of Elixhauser system. 47 It has a correlative index of 0.72. In fact, appropriately risk-adjusted outcomes-rather than annual hospital volume-may offer a more accurate prediction of future clinical patient outcomes. In a retrospective study of 32,381 bariatric procedures in 105 New York state hospitals, Dimick et al 48 attempted to predict future in-hospital morbidity using risk-adjusted morbidity and hospital case volume as predictor variables. Predicted results from 01/2001 to 12/2002 were compared with the observed outcomes from 01/2005 to 12/2006. Hospital rankings based on riskadjusted morbidity were superior to those based on hospital volume at predicting future morbidity. In a logistic regression model, 83% of hospital variation was explained by risk-adjusted morbidity, whereas only 21% was explained by hospital volume. Dimick et al suggested that hospital case volume is not a good predictor of future morbidity, and highlighted the need for more robust predictors of future performance. Examples of such predictors could include composite measures (observed procedure-specific mortality rate combined with hospital volume), 49 measures of effectiveness (weight loss, quality of life, resolution of comorbidities, etc), and risk-adjusted morbidity. Better quality national databases are needed to collect pertinent clinical information to allow for appropriate risk-adjustment.
Mixed results of studies on hospital volume and patient outcomes may also be due to the heterogeneity in the duration of patient follow-up. Duration of follow-up in the reviewed studies ranged from time of hospital discharge to 12 months after the operation. The majority of studies looked only at in-hospital mortality and in-hospital complication rates, with very few studies providing long-term follow-up data. Studies that did not report long-term follow-up results may have underestimated the rates of mortality and morbidity as most bariatric surgery patients are discharged home within 3 days of surgery. 33 Future studies should focus on reporting mortality and complication rates at more than 90 days after the operation.
Equivalent patient outcomes between some small-volume community hospitals and BSCOE hospitals support the concept of hospital volume being a surrogate marker for quality of care. 30 Quality of care encompasses 3 dimensions: structure, process, and outcome. 50 The dimension of structure denotes the attributes of the settings in which care occurs. It includes material resources (ie, facilities, equipment, money), human resources (ie, the number and qualifications of personnel), and organizational structure (ie, medical staff organization, methods of peer review, methods of reimbursement). The dimension of process denotes the activities of giving and receiving of care. This includes patient's activities of seeking care and practitioner's activities of making the diagnosis, recommendations, and implementing the treatment. The dimension of outcome denotes the effects of care on the health status of patients and populations. If volume is a surrogate for quality of care, then it is reasonable to assume that by improving the quality of care acceptable patient outcomes may be achieved in low-volume institutions. 30 This improvement can take the form of implementation of appropriate perioperative and postoperative clinical care pathways (ie, venous thromboembolism prophylaxis, perioperative antibiotics) and training of allied health personnel.
The "failure to rescue" concept-defined as a death after a complication 51 -may also explain some of the differences in mortality rates between low-and high-volume bariatric centers. This concept, which was popularized by Silber and colleagues, 52 can be thought of as another measure of quality. The differences in mortality are hypothesized to result from 2 lapses in management: (1) the failure to timely recognize a postoperative complication and (2) the failure to effectively manage that complication. Additional training for the surgical teams and the allied health personnel in postoperative complication recognition and management may improve the outcomes in low-volume institutions.
A number of reviewed studies support regionalization of bariatric care to the "bariatric surgery centers of excellence." 25, 32, 39, 40, 53 The findings from this review are also in agreement with this concept (LOE 3 and 4). The advantage of regionalizing care is to have experienced surgeons and staff caring for the bariatric patients, which may minimize the lapses in recognition and management of complication, thereby improving patient outcomes. 51 The disadvantages of regionalizing bariatric care include difficulties with patient travel, access to bariatric surgery for low-income patients living in rural communities, 46, 54 added costs to the patient, potential for monopolization of care, and potential for less stringent patient selection criteria to ensure adequate number of cases to obtain the BSCOE status. In addition, the skill level of health care providers working with obese individuals undergoing nonbariatric procedures in non-BSCOE may also deteriorate. Finding a definitive answer on whether BSCOE status improves patient outcomes will require analysis of prospectively tracked long-term outcomes such as patient satisfaction, maintenance of weight loss, and avoidance of long-term complications. 55 
CONCLUSIONS
This study systematically reviewed the topic of surgeon and hospital volume and patient outcome association in bariatric surgery. There is strong evidence for improved patient outcomes in the hands of high-volume surgeons. Higher annual hospital case volumes are also associated with improved patient outcomes; however, the evidence is weaker. Overall, this study supports the BSCOE accreditation and the bariatric surgery fellowship training programs. Future research into the quality-of-care characteristics of successful bariatric programs, and the elements of surgical training, patient selection, and complication recognition by high-volume surgeons is recommended.
